This study contributes to recent work on the relationship between minimum wages and health by examining potential underlying mechanisms. Specifically, the roles of health insurance, health care access and utilization are explored. By analyzing Current Population Survey data for the years 1989 to 2009 and by estimating DD models, I find that higher minimum wages increase health insurance coverage, in particular individually purchased insurance, among low-educated individuals. By estimating data from the Behavioral Risk Factor Surveillance System for the same period, I furthermore provide evidence for improvements in health care access/affordability and increased health care utilization following minimum wage increases.
INTRODUCTION
The minimum wage has entered national spotlight over the past few years, reaching a pinnacle in former President Obama's 2014 State of the Union Address. Obama strongly advised Congress to raise the federal minimum wage from $7.25 to $10.10, arguing that this policy change would provide much-needed additional income for 28 million Americans and thereby contribute to a reduction in earnings inequality. While the State of the Union failed to change the federal minimum wage, which has remained unchanged since 2009, several states have raised their wage floors considerably higher in recent years. Between 2015 and 2017, 61 increases in state-level minimum wages were implemented across the U.S. While economists have extensively analyzed the effects of minimum wages on employment (see overview by Neumark et al., 2014) and poverty (e.g. Card and Krueger, 1995; Neumark and Wascher, 2002; Burkhauser and Sabia, 2007) , uncertainty remains about how minimum wages affect labor market outcomes. In recent years, several studies have expanded the focus and examined potential effects of minimum wage increases on health outcomes of affected workers (e.g. Wehby et al., 2016; Horn et al., 2017; Averett et al., 2017; Lenhart, 2017a) . This study contributes to this literature by examining potential pathways through which minimum wage can affect the health of low-wage workers in the U.S. Understanding the pathways through which minimum wages affect non-employment outcomes such as health will allow policymakers to design efficient policies that can improve the overall well-being of society.
Based on economic theory, minimum wage increases can either improve health by providing a boost in income or worsen health if some people lose their employment (Wehby et al., 2016) .
Recent studies have shown mixed evidence on the effects of minimum wages on health outcomes -some researchers provide evidence for health improvement, while others have found no effects.
Given that it might take some time before health changes are observable, especially among younger workers in low-wage jobs, evidence on potential pathways through which increases in minimum wages might affect present and future health outcomes can add to the existing literature and provide evidence for potential long-run effects on health.
This study estimates difference-in-differences models to examine the role of three potential mechanisms underlying the link between minimum wages and health: 1) health insurance coverage, 2) health care access, and 3) health care utilization. I analyze U.S. data for the years 1989 to 2009, a period during which there were 295 changes to state-level minimum wages.
Controlling for state-specific time trends, the analysis provides evidence that higher minimum wages increases health insurance coverage, health care access and utilization for low-educated working age individuals. Specifically, this study finds that a 10% increase in minimum wages is associated with a 6.90% increase in individually purchased insurance coverage. Additionally, individuals are 1.46% less likely to not be able to afford necessary doctor visits and 6.43% more likely to have a routine health checkup following a 10% increase in minimum wages. When examining heterogeneous effects, I find that the results are largest for low-educated individuals between the ages 18 and 29, a group that is most likely to be earning minimum wages.
RELATED LITERATURE
A growing number studies have in recent years examined the relationship between minimum wages and health. While these existing studies have improved the understanding of how minimum wage changes affect society beyond potential employment-related effects, the evidence is fairly mixed. A possible explanation for the lack of consensus in previous work is the fact that health is a multifaceted object and that several mechanisms are likely at play for the various health outcomes researchers have examined so far. One limitation of studies working on this topic is that they are often not able to isolate workers who experience employment changes following minimum wage increases. Given that different employment changes will likely lead to different health effects, the observed estimates thus depend on the shares of the observed population experiencing different labor market changes.
On the one hand, several studies have provided evidence that higher minimum wages can lead to health improvements. Using U.S. birth record data, Wehby et al. (2016) find evidence for increases in birth weight following minimum wages changes. When exploring potential channels, the authors provide evidence that mothers spend more time on prenatal care and are less likely to drink during pregnancy when minimum wages are higher. Examining the first introduction of minimum wage across all sectors of the economy in the U.K. in 1999, two studies find evidence that higher wages are associated with improved physical (Lenhart, 2017a) and mental health (Reeves et al., 2017) . Lenhart (2017a) shows that changes in physical activity, smoking, and financial stress might explain the observed health improvements to some extent. Du and Leigh (2018) document that higher minimum wages are associated with lower rates of illness-related absence from work for lower-educated workers. Using aggregate data from 24 OECD countries, Lenhart (2017b) finds that more generous minimum wages are correlated with improved population health outcomes, while suggesting that access to health care and health behaviors (e.g. smoking and nutrition) might be channels underlying the link between minimum wages and health.
On the other hand, a number of studies have provided negative or no effects on health outcomes as well as mixed results for different groups of the population. Meltzer and Chen (2011) find that higher minimum wages are correlated with increases in body weight. Using U.S. data between 1993 and 2014, Horn et al. (2017) find declines in general health following minimum wages increases among lesser-skilled individuals, while providing evidence for improvements in mental health among women. Averett et al. (2017) show that minimum wages are associated with improvements in self-reported health among white women, while being correlated with health declines among Hispanic men. Adams et al. (2012) report increases in alcohol-related traffic fatalities among teens, while Sabia et al. (2018) find no evidence for increases in alcohol consumption for this age group when expanding the sample period. In contrast to Reeves et al. (2017) , Kronenberg et al. (2017) find that the first nationwide minimum wage in the U.K. did not lead to improvements in mental health outcomes.
A small number of existing studies have examined whether the level of minimum wage in the U.S. are associated with the provision of fringe benefits. These findings have also been mixed. Simon and Kaestner (2004) find no evidence for negative effects on health insurance and employer pension coverage due to higher minimum wages for low-skilled workers, while Royalty (2000) shows that less educated individuals are less likely to be eligible for pensions or to be covered by health insurance at higher levels of the minimum wage. Finding by Marks (2011) suggest that minimum wages only have negative effects on employer-sponsored insurance coverage for low-skilled employees working at firms that are not covered by nondiscrimination laws governing the provision of health insurance. Aaronson et al. (2012) examine the association between minimum wages and expenditures.
Using four different data sets, the authors show that while household income of families with minimum wage workers rises on average by about $250 per quarter following a minimum wage hike, spending increases by around $700 per quarter for these families. Aaronson et al. (2012) find that this increase is driven by higher spending on durable goods, such as vehicles, whereas the expenditure changes are to some extent financed through higher collateralized debt.
MINIMUM WAGE AND HEALTH CARE ACCESS/UTILIZATION
One potential pathway between minimum wages and health that this study examines is the role of health insurance. Higher minimum wages make labor more costly to the employer, which might lead to the employer responding in several ways. To some extent, this is comparable to the Summers model (1989) , which looks at possible employer responses following the introduction of mandated benefits, which also make labor more costly to the employer. With respect to employer-sponsored insurance, employers might decide to cut back the provision of coverage (Marks, 2011) or increase the employee cost sharing following increases of minimum wages.
Both actions would lead to some workers losing employer-sponsored insurance. While some of these workers might be uninsured following such cutbacks by employers, others might purchase purchases private health insurance coverage in order to avoid having no insurance. On the other hand, if higher minimum wages actually lead to employment losses or reductions in hours worked, this might make some individuals eligible to qualify for public insurance due to reductions in income. Finally, low-wage workers might also substitute away from employersponsored coverage to private coverage following increases in earnings after minimum wage hikes. Thus, the effects of minimum wages on health insurance coverage is ambiguous and remains an empirical question.
Another channel through which minimum wages could affect health outcomes is through changes in health care utilization. This is in line with the Grossman model of the demand of health (1972) , which states that individuals inherit an initial stock of health that depreciates over time but can be positively influenced through gross investments. An example of such investment would be receiving more frequent health checkups in order to avoid serious conditions that could be avoided through regular doctor visits. Given that health care might become more affordable for individuals through increased earnings and potentially lower costs due to better insurance coverage following minimum wages increases, the Grossman model (1972) predicts that both increase demand for and the quantity demanded of health care might increase. Given that it appears likely that there is a delay between increases in minimum wages and health-related outcomes, the study also estimates models using one-year lagged minimum wage information. Grossman (1972) establishes the possibility of a delay before health investments translate into improved health outcomes.
DATA Current Population Survey (CPS)
The study uses data from the CPS to examine whether minimum wages affect health insurance coverage of affected individuals. Using CPS data in order to test for the role of insurance is beneficial since it provides extensive information on different types of health insurance coverage, whereas the BRFSS only includes information if the respondent has any type of insurance. Due to the cross-sectional nature of both the BRFSS and the CPS, I am not able to follow individuals, who might directly be affected by the policy changes, over time. I follow the approach taken by previous studies and focus on low-educated respondents, a group that is most likely to earn minimum wages (Wehby et al., 2016; Horn et al., 2017) . Using data from the CPS, Table 1 provides evidence that less educated individuals are more likely to be affected by changes to minimum wages. 25.6% of individuals between the ages 18 and 64 who received at most a high school degree are paid an hourly wage at or close to the minimum wage (< 125% of the minimum wage). In comparison, only 12.5% of individuals with at least some college earn at or close to the minimum wage, with the shares being even smaller for college graduates (7.6%) and those with advanced degrees (4.3%).
Behavioral Risk factor Surveillance System (BRFSS)
The study also uses repeated cross sections from the Behavioral Risk Factor Surveillance System (BRFSS), a large, nationally representative annual telephone survey that is conducted by Besides restricting the sample by age and education, I furthermore exclude individuals with missing information on personal characteristics that are used as control variables in the estimation. These restrictions provide the analysis with a sample size of 1,281,680.
1 Given that the BRFSS is a telephone survey, one potential limitation of the data set is measurement error.
Outcome Variables

Health Insurance
When estimating the effects of variations in minimum wages on health insurance outcomes, I
use data from the CPS, which allows checking for the effects on different types of health insurance coverage: Specifically, I estimate how minimum wages affect being covered by: (1) any insurance; (2) employer-sponsored insurance; (3) privately purchased insurance; (4) public insurance. These estimates can provide evidence on how both employers and employees react in response to minimum wage changes. The main goal of the Affordable Care Act (ACA), which was signed into law on March 23, 2010 and provided the largest overhaul of the U.S. health care system since the 1960, was to extend insurance coverage to some of the estimated 15% of the population lacking coverage prior to the ACA. While the majority of ACA provisions were implemented in 2014, some of the ACA provisions, such as the dependent coverage mandate, were implanted in 2010 already. Given that the inclusion of post-ACA years in the analysis would create challenges with respect to distinguishing whether the observed effects are driven by changes in minimum wages or by ACA provisions, I only include pre-ACA years (1989 to 2009) in the CPS analysis.
Health Care Access/Utilization
Next, I examine whether minimum wages affect the affordability of health care by testing whether individuals in the BRFSS are more likely to respond yes to the following question following minimum wage changes: "Was there a time in the past 12 months when you needed to see a doctor but could not because of cost?" The last outcome related to health care utilization uses information about the length of time that has passed since respondents had their last routine checkup with a doctor. The BRFSS asks respondents to indicate one of the following five categories for how long ago they had their last checkup: less than one year, between one and two years, between 2 and 5 years, more than five year, or never. Among individuals that report having had checkups, I test whether minimum wages affect the likelihood with which individuals had a checkup in the last two years.
Minimum Wages
Minimum wage data is obtained from the U.S. Department of Labor. 2 The effective minimum wage is defined as the higher of the state and the federal minimum wage in each state. Table 2 provides an overview of all minimum wage changes at both the state and federal level during the period of this study. In total, there were 295 changes to the effective minimum wage during the sample period. In 2009, 23 states plus DC had minimum wages that were set higher than the federal hourly wage floor of $7.25. I convert nominal minimum wages to 2009 dollars wages using the Consumer Price Index -Urban Consumers and use the log value of the one-year lagged minimum wage. This takes into account that the effects of minimum wages are not necessarily linear and that it might take some time before these effects become noticeable following the policy changes.
Control Variables
The analysis controls for a set of individual characteristics that are potentially related to health care access and health care utilization, such as age, gender, and race. Given that changes in demographics and other unobservervable characteristics may be correlated with changes in minimum wages, all specifications estimated in the analysis control for linear state-specific time trends.
Additionally, I follow the approach by two recent studies examining the association between minimum wages and health outcomes (Wehby et al., 2016; Horn et al., 2017) 
METHODS
This study follows previous research on potential health effects of higher minimum wages (Wehby et al., 2016; Horn et al., 2017) and estimates difference-in-differences (DD) models to provide evidence for "intent-to-treat" effects on health insurance, health care access and health care utilization. I estimate linear probability models for all the outcome variables. Equation (1) shows the main specification that is estimated: Yist = α0 + α1 MWst + α2 Xist + α3 Pst + ɸs + γt + ψst + εist
Yist represents measures for health insurance, health care access/utilization for individual i in state s surveyed in year t. MWst is the measure of minimum wage for each state and year. While this measure is the log of real minimum wages in the baseline specifications, I also estimate models using the one-year lagged value of this measure (MWst-1) to allow for the policy change to adjust for some time. Xist represents a set of individual characteristics, such as age, gender, and race. 5 The inclusion of Pst in some specifications takes into account other state-level policies that could affect health-related outcomes of low-educated individuals (state-level EITC and generosity/timing of welfare reforms). ɸs and γt are vectors of state and year fixed effects, while ψst is control for state-specific linear time trends, which are included to account for state-level factors that are not observed in the data. Finally, εist is a random error term.
The parameter of interest, α1, captures the reduced-form effects of higher minimum wages on the outcomes of interest. In 2009, the federal minimum wage of $7.25 was also the effective minimum wage in 27 states. These states serve as control states in the analysis, while the states that experienced increases in their wage floor during the sample period form the treatment group.
Besides the main DD analysis, I also examine whether the effects differ across subgroups of the population. This adds to recent work that tested whether minimum wages have different effects on health outcomes across gender (Wehby et al., 2016 , Horn et al, 2017 , Averett et al. 2017 ,) race/ethnicity (Wehby et al., 2016 , Averett et al., 2017 , education (Wehby et al., 2016) , age (Wehby et al., 2016) , and marital status (Wehby et al., 2016) . As shown Table 1 , the share of low-wage workers varies substantially across age, gender, race and marital status, suggesting that different demographic groups are more or less likely to be affected by minimum wage variations.
For example, lower educated individuals between the ages 18 to 29 are more than twice as likely to earn wages below 110% of the effective minimum wage compared to lower educated individuals between the ages 30 to 45 and 46 to 64. From a policy perspective, it is of interest to examine whether these different levels of exposure to minimum wages across different subgroups also translates into different effects on health insurance, health care access and health care utilization. These findings can provide further evidence for how minimum wages potentially impact the well-being of society and whether different channels play a more or less important role for different population groups.
In additional robustness checks, I estimate two triple difference (DDD) models that account for potential biases in the DD results due to other policies or state-level changes that might occur simultaneously with minimum wage increases. The DDD analysis uses two different within-state comparison groups: 1) retired adults who are 70 years or above with no more than a High School degree; 2) college-educated adults between the ages 18 to 64. This setup is almost identical to the DDD analysis conducted by Horn et al. (2017) . 6 Individuals who are at least 70 years old should not be affected by minimum wage changes in terms of labor market outcomes and they are eligible for insurance coverage through Medicare. Furthermore, the individuals in this group have the same level of education as the main treatment group of the study. Thus, this groups should serve as a valid placebo group. A limitation of using elderly individuals as a control group in the analysis is that they have different health care needs than working-age individuals.
Based on the descriptive statistics shown in Table 1 , the second group also serves as a valid placebo group. The statistics show that only 5.70% and 3.34% of individuals with a college or advanced degree earn less than 110% of the minimum wage, respectively. A potential limitation of this second within-state comparison group is the fact that minimum wage increases can potentially have spillover effects across the wage distribution (DiNardo et al., 1996; Lee, 1999; Autor et al., 2016) . Thus, the DDD estimates, while serving as a test for the robustness of the main DD results, should be interpreted with caution. Table 4 provides CPS estimates for the effects of minimum wages on health insurance coverage of individuals with no more than a completed high school degree. Panel A shows that a 10% increase in minimum wages is associated with a 0.524 percentage point increase in the likelihood of having any health insurance coverage (p<0.05). Relative to the sample mean (0.747), this coefficient corresponds to a 0.70% change. Panel B shows that this increase becomes larger when using one-year lagged minimum wage data to allow for an adjustment period of the policy change. When examining whether this increase in driven by a certain type of insurance, Table 4 provides evidence for increases in privately purchased health insurance. The baseline estimate in Panel A indicates that a 10% increase in minimum wages is associated with a 0.493 percentage point increase for this type of coverage (p<0.01), which corresponds to a 6.94% increase relative to the sample mean (0.071). All estimates are robust to the inclusion of time-varying controls. Table 4 shows the effects of a 10% increase in minimum wages, converting the observed estimate to the actual change of $0.30 corresponds to an increase in the likelihood of purchasing private insurance by 2.91% in response to a typical minimum wage increase.
RESULTS
Health Insurance
While Table 4 also shows negative effects of minimum wages on employer-sponsored insurance and increases in public insurance, these effects are small and imprecisely estimated.
The direction of the estimation, however, could suggest that some individuals lose their employer-sponsored coverage, while others might substitute away from employer coverage to private health insurance. The observed increases in individually purchases health insurance coverage are in line with findings by Aaronson et al. (2012) who show that households with minimum wage workers increase spending on durable goods by far more than their incomes increase following minimum wage increases. According to the Grossman model (1972) , increases in purchases of private health insurance coverage can be viewed as investments into one's health production function. minimum wages increase the frequency of these checkups. I find that a 10% increase in minimum wages increases the likelihood of having a routine checkup in the last two years by 0.512 percentage points (p<0.10). This effect increases to 6.28 percentage points (p<0.05) when using one-year lagged minimum wage data. Relative to the sample mean (0.796), these effects correspond to changes of 6.43% (current minimum wages) and 7.89% (lagged minimum wages).
Health Care Access/Utilization
The estimates are robust to the inclusion of time-varying state controls. Table 6 shows the effects of minimum wages on health insurance, health care access and health care utilization for several subgroups of the population. As shown in Table 1 , the share of people affected by minimum wages differs substantially across different groups of the population. Individuals with at most a completed High School degree between the ages 18 and 29 are more than twice as likely to earn less than 110 percent of the minimum wage compared to lower educated people between 30 to 44 and 45 to 64. Table 6 provides evidence that there are differences in the observed effects across these age groups.
Heterogeneous Results
The results show that the positive association between minimum wages and having any health insurance is largest for the youngest age group, which has the smallest share of insured people (65.52%, compared to 74.41% for individuals between 30 and 44 and 81.89% for those between 45 and 64). While the overall effect on insurance is small for individuals between the ages 45 to 64, the results indicate a 0.568 percentage point reduction in employer-sponsored coverage (p<0.01) and a 0.627 percentage point increase in privately purchased coverage (p<0.01) for this group following a 10 percent increase in minimum wages. The decline in employer-sponsored insurance could be the result of employment changes or changes in the type of plans employers offer people in this age group. The BRFSS results across age groups furthermore show that the effects on health care affordability are largest for individuals between the ages 18 to 29. These estimates are in line with the fact that this group has the highest share of directly affected people following minimum wage changes (Table 1 ).
The overall effects on health insurance across gender are very similar between men and women. Two notable differences across gender are that minimum wages are associated with slightly larger increases in individually purchased insurance coverage for women and substantially larger increases in the frequency of regular health checkups are only observable larger for women than for men. A possible explanation for the latter finding is that women (82.40%) are more likely to have routine health checkups than men (72.66%) are.
ROBUSTNESS CHECKS
The triple difference estimates are presented in Table 7 . As expected, minimum wages have no effects on the likelihood of having any health insurance coverage for elderly retired individuals. Thus, the DDD effects when using this placebo are in line with the main DD results from Table 4 and provide evidence for statistically significant increases in health insurance (p<0.05) following increases in minimum wages. The results for the second placebo group consisting of adults (18-64) with college education show statistically insignificant increases in insurance for this group. While the effects are smaller than for the main treatment group and only statistically significant (p<0.10) when using lagged minimum wages, they indicate that this group might not be an ideal placebo group. Potential spillover effects of minimum wages to higher (and more educated) earners might explain the small positive effects for this comparison group.
The BRFSS estimates obtained from using elderly retired individuals as the within-state comparison group confirm the main DD results and show statistically significant effects on health care affordability and utilization. However, minimum wages are associated with small increases in health care affordability among elderly individuals. The DDD effects for the other placebo group (college-educated adults) show increases in the ability to afford necessary health care and the frequency of routine health checkups (all p<0.05). Overall, while confirming the main DD estimates of this study, the DDD results in Table 7 should be viewed with caution due (smaller) effects of minimum wages on higher educated individuals and due to different health care needs for elderly individuals.
DISCUSSION AND CONCLUSIONS
The findings in this study contribute to the growing literature examining health-related effects of minimum wage increases. While several recent studies have focused on health outcomes, this analysis explores potential pathways underlying the relationship between minimum wages and health. Using CPS data, I provide evidence that higher minimum wages increases the likelihood of having health insurance coverage, with the majority of this increase being driven by changes in privately purchased coverage. Additionally, using data from the BRFSS, the study finds increases in the ability to afford necessary health care, and the frequency of routine health checkups.
The finding of increased private health insurance supports the idea that some workers use their increased earnings to purchase insurance coverage. The analysis of different types of insurance plans adds to previous work by Simon and Kaestner (2004) states that people will use additional income to invest in their health stock therefore increase the demand for health care. Additionally, people's decisions to take invest in their health could be related to declines in stress and improvements in mental health, two outcomes that have recently been shown to be associated with increases in minimum wages (Lenhart, 2017a; Reeves et al., 2017) . Adler and Newman (2002) point out that a socioeconomic gradient in health care access and health behaviors exists, and suggest that these can explain differences in health outcomes to some extent. Adler and Newman (2002) , among others, show that lower educated individuals are much more likely to be uninsured and to smoke than higher educated people. This study finds that higher minimum wages can be a powerful policy tool to address this gap in health care access and health care utilization among more vulnerable groups of the population. My analysis shows that the effects are strongest for low-educated individuals between the ages 18 to 29, the group that is most likely to earn minimum wages. Given that better health care access and health behaviors can lead to improved health outcomes both immediately and in later stages of life, these results provide suggestive evidence that minimum wages can improve the well-being of society and reduce existing inequalities in wages and in health. 
